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Using excimer emission from pyrene solubilized by capriate, laurate and palmitate as a
probe, it has been established, (i) that micellar size increases as the length of the fatty aeidc hain
is increased, and (ii) as the soap concentration is increased. In the presence of low concentration
of neutral. salts micellar size at first diminishes, and then increases. The quenching effect of
neutral salt has been attributed to the adsorption of the neutral salts on the micelles and sub-
sequent polarization of the micelles. It has further been established that the pyrene molecule
from one micelle can pass on to another micelle by diffusion.
SINCE the discovery of excimer emission frombimeric pyrene by Forster and Kasper", thisphenomenon has been used as a probe to
detect the hydrophobic regions in proteins and
rnembranes-, as well as to determine the viscosity"
of the hydrocarbon region of the micelles. The
photochemistry of excirner emission from pyrene
solubilized by detergents has also been reported+".
We have been interes.ed in the s.udy of the solubi-
lization phenomenon itself and we have used excimer
emission as a probe to study the change of micellar
structure in soap SOIUjOll under different conditions.
We report here the results of our inves.iga.ions
on the solubilization of pyrene by fatty acid soaps.
Materials and Methods
The fatty acids, capric (ClO). lauric (C12) and
palmitic (C14) acids were of 99·00% purity and found
free from unsaturated fatty acids. The corres-
ponding sodium and potassium salts were obtained
by neutralization with aqueous alkali. The pyrene
(Eastman Kodak) was purified by chromatography
over silica gel. The inorganic salts used were of
GR quality (E. Merck).
Preparation - Finely powdered pyrene was sus-
pended in appropriate soap solution and was shaken
in mechanical shaker for 12 hr. The solution was
centrifuged and then filtered through fine filter paper.
The optical clarity of the solution was checked by
turbidity measurement.
Fluorescence and absorption measurement - The
fluorescence spectra were measured in a right angle
scattering set-up, using a Beckman monochromator
and a IP 28 photomultiplier tube used in conjunc-
tion with a de amplifier of 100 mV sensitivity.
The exciting light was 365 nm mercury line
isolated from a high pressure mercury arc using a
chance filter showing cut off at 370 and 350 nm.
The concentration of pyrene was determined by
absorption measurement on a Beckman spectro-
photometer model DU at 360 nm. The concentra-
tion determination from the extinction measure-
ments at 334 urn gave the same result.
Results and Discussion
It is well known that hydrocarbons which are
insoluble in water may be solubilized by solutions
of fatty acid soap like potassium laurat es (KCn).
Extensive X-ray investigations indicate that the
solubilizate is incorporated into the hyr'rocarbon
centre of the soap micelle. In a 0·5% solution of
KC12 there are 0·68 molecules of pyrene per micelle
on an average. It has been assumed that one pyrene
molecule can enter a micelle at most. Fig. 1 shows
the emission spectrum of 2xl0-4M pyrene in 1·0%
KC12. It is evident that even at this low overall
concentration of pyrene both monomer band at
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Fig. 1 - Emission spectra of (1) 1·6 x 10-6M pyrene in
5% aq. Kvcapri vte (KC10); (2) 2·0 x 1O-4M pyrene in 1%
aq. K-la.ur,~te (KCu); and (3) 2·3 x 10-4M pyrene in 0'5%
aq. Kvpalmitate (KC14)
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390 nm and excimer band at 470 nm are quite
prominent. This can only happen if there are
micelles of different sizes, the smaller one accom-
modating one pyrene molecule and the larger one
accommodating more than one. In Fig. 1 is also
given the emission spectrum of pyrene in 5% RClD•
It may be observed that even at this high soap con-
centration no excimer emission is observed. On
the other hand, in a 0'5% RCl4 (palmitate) the
excimer emission is larger than monomer emission.
This means that the micellar size is determined by
the length of the fatty acid chain, the longer the
chain length, the bigger the micellar size. It was
further observed that in 1% NaCu at a pyrere con-
centration of about 3 X 10-2M no excimer emissior-
is observed. This indicates that the potassium soap
gives larger micelles than sodium soaps. These
findings are consistent with the results obtained by
previous workers from solubility studies",
It is desirable at this stage to discuss the
mechanism of excimer emission from micellar system.
Since the micellar collision is 103 mole/see only.
the excimer emission cannot arise due to collision
of excited and unexcited pyrene molecule in
different micelles. In a 10-4M pyrene in 1% soap
solution there can exist one pyrene molecule per
micelle of 200 soap molecules. Even if we assume
that there are micelles containing more than 500
soap molecules then even, the number of pyrene
per micelle cannot exceed three. In such a system
the collision of a pyrene molecule with the micellar
wall is much more frequent than its collision with
another pyrene molecule, so that the intensity of
excirner emission will be insignificant compared to
that of monomer emission. Experimentally we find
that excimer emission is comparable to that of
monomer emission and in some cases it is even
TABLE 1 - EXCIMER EMISSIONS AT DIFFERENT SOAP
CONCENTRA nONS
[K-laurate] [Pyrone] 1&70/1390
% lO-'xM
1·0 1·32 0·421
2·0 5·30 0·438
5·0 5·54 0·470
higher than monomer emission. The collision
model, therefore, does not appear to holel a good for
these systems. A better model will be to assume
that a non-bond dimeric pair exists in the micelle,
the electronic excitation of one of the molecule in
the pair takes the system directly to the excimer
state. Such a model has been assumed for excimer
emission from perylene crystals",
As the concentration of RCl2 is increased, more
and more pyrene dissolves and the intensity of both
the monomer and excimer bands increase. But
the ratio 1470/1390 increases as the soap concentration
is increased (Table 1). This may be explained if
we assume that addition of more soap to a soap
solution results in an increase in not only micellar
number but also micellar size.
It is also well known that the addition of neutral
inorganic salts to a soap solution to a certain extent
increases the solubility of hydrocarbons". The
light scattering" data indicate that the micellar size
is increased on the audition of neutral salt like KCI
to a soap solution. In the Fig. 2 are shown the
emission spectra of 1·63 X lO-"M pyrene in 1% RCa
with KCI concentration in the range of 0·01 to O·OSM.
It may be observed that as the salt concentration
is increased the intensity of excimer band diminishes
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Fig. 2 - Emission spectra of (1) 1·63 x 10-4M pyrene in 1% aq. K-laurate and (2)-(4) in the 'presence of 0·01, 0·04 and
0'08M KCl solutions s: :; . , . ..;
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but that of monomer band increases. That is,
micelles containing two pyrene molecules are break-
ing up into smaller ones containing one pyrene mole-
cule in the presence of neutral salts. This finding
cannot be attributed to the quenching effect of
neutral salt on excimer emission because the
monomer and excimer emissions are equally quenched
by quenchers. In this range of KCI concentration
the solubility of pyrene in soap solution is not much
affec+ed. When, however, the salt concentration
is in the range of 0·1 to O·SM, the solubility of
pyrene in KC12 is increased and the monomer and
excimer emissions are strongly quenched (Table 2).
The intensity measurements at constant [soap] and
[pyrene], but varying [KCl] in the range of 0·1 to
O·SM showed (Fig. 3) that the quenching effect on
monomer emission follows the Stern-Volmer law,
1110 = 1/(1 +Q[A]) , where 10 and 1 are fluorescence
intensity without and with Kel concentration [A],
and Q is the so called quenching constant. Con-
sidering the quenching effect of neutral salts in other
systems, it may be assumed that the quenching is
due to electron transfer from Cl"to the excited pyrene
molecule. Similar quenching effects have been ob-
served by Gratzel and Thomas" on the emission
TABLE 2 - EXCIMEREMISSIONAT DIFFERENTKCI
CONCENTRATIONSIN 0·1% Ag. KC'2 MEDIUM
( [Pyrene]-1 0-4M)
[KCl] I39o{fl 1470
M
0·00 70·5 22·0
0·10 64·5 17·5
0'20 62·0 16·5
0·30 57·0 14·5
spectrum of pyrene solubilized by cetyl-trimethyl
ammonium bromide in the presence of I- ion. They
assume that the added electrolyte can move across
the micelle. It is expected, therefore, that if KCl,
KBr and KI are used as quenchers and if the ions
can enter into the micelles, then the quenching con-
stant Q should follow the order I- > Br- > ci-,
With pyrene in KC12 it was observed that the
quenching constant Q was constant irrespective of
whether the neutral ion is chloride, bromide, iodide
or sulphate. The quenching effect of cations could
not be studied as sodium chloride of 0·1M caused
high turbidity in the soap solution. We believe
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Fig. 3 - Emission spectra of (1) 1O-'M pyrene in 1% aq.
Kslaurate and (2)-(4) in the presence of 0·1, 0·2 and 0'3M
KCI solutions
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Fig. 4 - Emission spectra of (1) 2·3 X lO-'M pyrene in 0,5% aq, K-palmitate and (2) 1.15 X lO-'M pyrene in
0,5% aq. K-palmitate
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that the quenching effect is due to adsorption of
neutral ion on to the micellar surface causing
polarization of the micelle. As a matter of fact it has
been observed that both excimer and monomer
emissions are quenched in polar mediumw,
An interesting observation was made with pyrene
solubilized by KC14• It is expected that if a solution
of pyrene solubilized by KC14 is diluted with the
soap solution of the same concentration, then the
intensity of both monomer and excimer bands will
go down. It was observed that on lowering pyrene
concentration in this way, the intensity of excimer
band went down but that of monomer band increased
(Fig. 4). This observation is in direct contradiction
to the fin-lings of Forster and Selinger'! with solutions
of pyrene solubilized by detergent. This Can only
happen if the pyrene from one micelle can diffuse
into the hydrocarbon centre of another micelle. For
this process to take place the pyrene molecule must
be able to reside at all parts of the micelle-surface,
palisade and hydrocarbon centre - and not just
in the hydrocarbon centre. The micelles, therefore,
cannot have a rigid structure, but must be swollen
enough for the pyrene molecule to be mobile.
Dorrance and Hunters, however, have found that
for detergent micelles, the interior appears to be
very rigid at room temperature (20°). Our observa-
tion also indicates that pyrene molecule can enter
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into the hydrocarbon centre of a soap micelle and
not that the micelles are formed around a pyrene
molecule from monomeric soap molecules.
We may conclude that excimer probe corroborates
a number of observations on the soap solution ob-
tained by other methods. In addition it Gives a
number of new and interesting results.
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